The wavelength of laser radiation is determined by the lasing material. Most lasers operate at a fixed wavelength. Some, notably the gas lasers, can lase at several different frequencies and the required wavelength may be selected using prisms or narrow band mirrors. Dye lasers may be tuned over a wide band of frequency. Laser radiations have been produced over a wide range of wavelengths from the ultraviolet to the infrared but the most common lasers operate close to the visible band. These are argon (488.0 nanometers), helium neon (632.8 nanometers), ruby (694.3 nanometers) and neodymium (1060 nanometers). Another important laser is the carbon dioxide which operates in the infrared at 10.6 ,um. This, laser is of considerable importance because of its relatively high efficiency.
In theory all lasers can be operated to give a continuous output but most lasers are only a few percent efficient and the build-up of excess heat in the lasing material is a limiting factor. Generally speaking solid state lasers such as ruby and neodymium emit pulses of 10-8 to 10-3 second duration while gas and dye lasers operate continuously. The energy content of both types of laser is similar and while the gas laser delivers 1 joule per sec'ond (1 watt continuously) the pulsed laser may' supply 1 joule in 10-8 second and this gives 100 megawatts of power in a very short period of time.
Applications
The applications of lasers make use of one or more of the laser characteristics described above.. In precision cutting the laser output is directional and monochromatic and it'is possible'to collect and focus all the laser output into a point' of approximately 1 wavelength in diameter. A one watt laser operating at 488 nanometers will produce a half micrometre spot with a power density of 5 x 10-8 watts cm-2.
The ability to project an almost parallel beam of light from a low-powered laser source is of great use in surveying especially in places such as coal mines where accurate tunnels have to be drilled. A further application in surveying is the measurement of distance when the high-powered short pulse output from a neodymium laser is used, making it possible to measure distances over several kilometres to an accuracy of one or two metres.
The coherent properties of laser light find application in engineering and data storage. The technique of holography is used and involves the comparison of phase information stored on photographic plates. In the field of communications the laser has attracted considerable'atten-' tion because of the wide band-width available for carrying information. Several hundred television channels could be handled by such a system though atmospheric transmission is a limiting' factor. There has been considerable progress in making optical waveguides but' it is likely'that laser communication will be limited to extraterrestrial 'applications'. The ocular hazards' of intense li-ght sources have been realized and recorded since Galen, but it is not until recent'times that artificial light sources have had sufficient potential to induce ocular damage. The invention of the laser in 1959 and' the rapid evolution of laser technology has resulted in portable light' sources of extremely high intensity, capable of damaging not only' the eye but any biological tissue on which they' are focused.
The primary event in -any, type-of radiation damage to' a biological system is the absorption of radiation by that system. This isr. a' complex process which occurs at the molecular level, but a brief descriptidn is adequate for the' purpose of this paper. For ouranalysis light can be considered to be-composed of discrete packets or quanta; and each quantum has an energy which is related to the wavelength of the light of which it is part. Thus, clearly, white light contains quanta of many different energy values whilst monochromatic or laser light contains quanta of one specific energy. It is this relationship between wavelength and energy that results in particular tissues absorbing light of a particular wavelength. All electrons exist around atomic nuclei only in specific orbitals, and atoms can only approach other atoms by specific distances. Any change in the spatial distribution of these elementary particles requires specific energy values. Thus the component atoms or molecules in a target tissue will only absorb light if the energy of the quanta that fall on the tissue is the same or a greater value than that required by a potential spatial distribution change. Lasing systems are now available with emission wavelengths extending from the far infrared through the visible spectrum to the near ultraviolet, and recent reports suggest the existence of X-ray lasers. This diversity of emission means that all ocular tissues are in potential danger of absorbing laser light. The very long and very short wavelengths are absorbed in the cornea whilst the visible wavelengths affect the iris and the retina (Duke-Elder 1972).
The mechanism by which absorbed laser light induces damage is similar for all biological tissues (Fig 1) . The process of tissue breakdown can be related to certain physical parameters of the irradiating source, the most important of which are wavelength, energy density, pulse duration, beam image size and power density (Marshall & Mellerio 1970) . Relationships exist for all laser systems expressing tissue damage thresholds as a function of beam energy, and these figures are made use of in Codes of Practice (Borland & Nicholson 1973) .. It is the initial high energy content of laser beams which together with their coherence results in excessive amounts of energy being transmitted to, and then absorbed by target tissues (Borland 1973) . The component molecules of the target absorb so much energy that they vibrate, and vibration is heat. Most laser damage is primarily due to the heating of the absorbing tissue or tissues. This thermal damage is usually confined to a limited area extending either side of the energy absorbing layer, and centered on the irradiating beam. Any anomalies or uneven energy distribution in the beam image will be reflected in the topography of the thermal damage (Marshall & Mellerio 1968) . Cells within this area characteristically show cytoplasmic densification and vacuolation (Fig 2) . The occurrence of ?7 secondary damage mechanisms in laser impacts can be related to the time course of the tissue heating reaction which is directly related to the pulse duration of the laser. If a long pulse laser system is directed on to a tissue then because of conduction the temperature of large areas of tissue is raised. This spreading thermal front results in a progressively increasing damage zone as more and more cells are raised above their thermal tolerance. Obviously beam image size is of great importance as the degree of peripheral spread due to conduction is proportional to the size as well as the temperature of the initial area of tissue heating. This type of thermal lesion is seen in exposure to CW lasers such as argon and helium neon, and with such pulsed systems as normal mode ruby and neodymium lasers.
Short pulsed or Q switched lasers give rise to a different type of tissue damage. In these exposures a large amount of energy is delivered to the target in a very short time, and hence a high power density is produced (power is energy/unit time). The target experiences such a rapid rise in temperature that the liquid components of the cells are converted to gas with a resultant swelling of the cells. In most cases these phase changes are so rapid that they are explosive, and the cells rupture. The pressure transients so produced result in an annular 'blast zone' peripheral to the thermal damage (Marshall 1970 ). These pressure transients may also result in shearing damage to tissues remote from the absorbing layers by bulk physical displacement.
The morphology of acute bums in the various ocular tissues has been described: cornea (Leibowitz & Peacock 1969) , iris (Hallman et al. 1969 ), lens (Fine et al. 1967) , retina (Fine & Geeraets 1965) . The degree of ocular incapacity and the subsequent pathology of such burns vary with both the severity of the exposure and the target tissue. Superficial corneal (Campbell et al. 1968 ) and iris burns recover rapidly, but lens involvement usually leads to cataract. Retinal exposures always give rise to degenerative changes which may further increase the damage site by transynaptic degeneration. These changes are followed by the formation of a retinal scar due to the proliferation of Muller's fibres . There is evidence that these scars atrophy and disappear over a period of years (Marshall & Mellerio 1971) , but there is no indication of retinal regeneration and retinal damage always involves loss of vision.
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Ocular Examination of Laser Workers and Investigation of Accidents
Ocular damage from laser beams may mimic other forms of pathology. Nebula produced by a carbon dioxide laser beam are indistinguishable from those which may arise from a variety of corneal conditions, burns of the lens can result in cataracts similar to those of congenital, presenile or senile origin while a burn of the iris may resemble a melanoma. A retinal burn may extend from an aberration limited spot of around 20 ,um diameter to a lesion of a few millimetres in diameter, depending on beam geometry, energy density, the refractive state of the eye and its pigmentation. Retinal burns can resemble conditions such as eclipse burns, focal choroiditis or macular dystrophies. The possibility of confusion between natural ocular pathology and laser damage requires that careful consideration be given to an occupational vision programme for workers involved with lasers or laser systems which have the potential to cause ocular damage.
Medical examinations should be of two types. An examination by an ophthalmologist should be carried out before and after \employment in a laser environment and an abbreviated examination, which does not require an ophthalmologist, should be undertaken from time to time. The latter examination should be designed to protect the worker against recurrent damage to the posterior pole and its frequency should be related to the magnitude of the hazard. If the individual is exposed only to far infrared radiation, such as from the carbon dioxide laser, the examination may be restricted to the cornea and ocular adnexa.
Clinical Examinations
Laser lesions of the peripheral retina are unlikely to cause significant disability and screening of the
